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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a GaN-based 
light-emitting element excellent in light emitting 
characteristic by improving the structure of a light 
leading-out side electrode, and obtain a GaN-based 
photodetecting element excellent in light receiving 
characteristic by improving the structure of a light- 
fetching side electrode. 

SOLUTION: The forming pattern of upper electrodes P1 
has a repetition part, where covered regions in which the 
upper surface of a contact layer S3 is covered the 
electrode P1 and exposed regions in which the upper 
surface of the layer 3 is not covered but exposed, are 
alternately arranged. In the repetition part, a width of the 
covered region is W, a width of the exposed region is G, 
a depth from the upper surface of the contact layer S3 
to a light-emitting layer S2 is (d), refractive index of the 
contact layer is n1, and refractive index of the outside is 
n2. In this case, W<10 /*m, W<2G, and G<dxtan91 (where 
01=sin-1(n2/nD) are satisfied. Furthermore, other 
various kinds of modes are imparted to the upper electrode. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the GaN system semiconductor light emitting device which has a luminous layer 
which consists of a GaN system material, an up electrode is prepared through a contact layer 
which is from a GaN system material for forming an electrode on an upper part side of a 
luminous layer by making into an upper part side a side which light leaves to the external world 
to a luminous layer, and, for a formation pattern of this up electrode, this electrode is a wrap 
covering field about the contact layer upper surface. A repeat portion with which an exposed 
region which this electrode does not cover the contact layer upper surface, but is exposed was 
located in a line by turns Are the GaN system semiconductor light emitting device equipped with 
the above, and set width of face of each covering field about the direction of a repeat to W, and 
width of face of each exposed region is set to G. a time of setting [ the depth from the contact 
layer upper surface to a luminous layer ] a refractive index of n1 and the external world to n2 for 
a refractive index of d and a contact layer — W<=10 micrometers, W<=2G, and G<=dxtan theta 1 
(however, theta1=sin-1 (n2/nD) — it comes out and is characterized by a certain thing. 
[Claim 2] It is the GaN system semiconductor photo detector which has a photodetection layer 
which generates a carrier applied to a photocurrent by pn junction of a GaN system material, an 
up electrode is prepared through the contact layer which consists of a GaN system material for 
forming an electrode in an upper part side of a photodetection layer by making into an upper part 
side a side in which light for light-receiving carries out incidence to a photodetection layer, and, 
for the formation pattern of this up electrode, this electrode is a wrap covering field about the 
contact layer upper surface. A repeat portion with which an exposed region which this electrode 
does not cover the contact layer upper surface, but is exposed was located in a line by turns 
Are the GaN system semiconductor photo detector equipped with the above, and set width of 
face of each covering field about the direction of a repeat to W, and width of face of each 
exposed region is set to G. a time of setting [ the depth from the contact layer upper surface to 
a luminous layer ] a refractive index of n1 and the external world to n2 for a refractive index of d 
and a contact layer — W<=10 micrometers, W<=2G, and G<=dxtan theta 1 (however, theta 1=sin- 
1 (n2/n1)) — it comes out and is characterized by a certain thing. 

[Claim 3] A GaN system semiconductor light emitting device which is characterized by providing 
the following and which has a luminous layer which consists of a GaN system material A 
translucency electrode used as a thin film by making into an upper part side a side which light 
leaves to the external world to a luminous layer so that an up electrode might be prepared 
through a contact layer which is from a GaN system material for forming an electrode on an 
upper part side of a luminous layer and this up electrode might penetrate light from a luminous 
layer A portion with which an electrode for trunks formed so that larger current than current 
which flows in the direction of an electrode forming face might flow the inside of this 
translucency electrode in said direction was located in a line by turns 
[Claim 4] A GaN system semiconductor light emitting device according to claim 3 whose 
translucency electrode is an ohmic electrode and whose electrode for trunks is a shot key 
electrode. 

[Claim 5] A GaN system semiconductor light emitting device according to claim 3 by which a 
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current blocking layer which can serve as active jamming of current is formed in a part which 
touched this electrode directly under an electrode for trunks in the interior of a contact layer, or 
a part distant from this electrode directly under the above-mentioned electrode for trunks. 
[Claim 6] A GaN system semiconductor photo detector which has a photodetection layer which 
is characterized by providing the following, and which generates a carrier applied to a 
photocurrent by pn junction of a GaN system material A translucency electrode used as a thin 
film by making into an upper part side a side in which light for light-receiving carries out 
incidence to a photodetection layer so that an up electrode might be prepared through a contact 
layer which is from a GaN system material for forming an electrode on an upper part side of a 
photodetection layer and this up electrode might penetrate light for light-receiving A portion with 
which an electrode for trunks formed so that larger current than current which flows in the 
direction of an electrode forming face might flow the inside of this translucency electrode in said 
direction was located in a line by turns 

[Claim 7] It is the GaN system semiconductor light emitting device which has a luminous layer 
which consists of a GaN system material, an up electrode is prepared through a contact layer 
which is from a GaN system material for forming an electrode on an upper part side of a 
luminous layer by making into an upper part side a side which light leaves to the external world 
to a luminous layer, and, for a formation pattern of this up electrode, this electrode is a wrap 
covering field about the contact layer upper surface. A repeat portion with which an exposed 
region which this electrode does not cover the contact layer upper surface, but is exposed was 
located in a line by turns It is the GaN system semiconductor light emitting device equipped with 
the above, and is characterized by establishing a crevice in an exposed region, while on the 
upper surface of a contact layer. 



[Translation done,] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention belongs to the technical field of a 
semiconductor light emitting device and a photo detector which used the GaN system 
semiconductor material. 
[0002] 

[Description of the Prior Art] A GaN system light emitting device is a semiconductor light 
emitting device which used the GaN system material, research is actively done on light emitting 
diode (LED) of high brightness being realized in recent years, and the report of the room 
temperature continuous oscillation of semiconductor laser is also heard. A GaN system means 
the compound semiconductor expressed with Ina Gab Ale N (0<=a<=1, 0<=b<=1, 0<=c<=1, 
a+b+c=1). 

[0003] Hereafter, on these specifications, as that by which a crystal substrate is located in a 
lower layer side, and a GaN system crystal layer is accumulated upwards on this for explanation 
of an element, distinction of the vertical direction is prepared in the laminated structure of an 
element, and phrases, such as the "upper layer", the "upper surface", and the "upper part", are 
used. 

[0004] The general structure of a GaN system light emitting device has the structure where the 
layered product 20 of the GaN system crystal layer containing the luminous layer 22 by pn 
junction was grown up on the crystal substrate 10, as shown in drawing 8 . The up electrode P10 
(usually p mold) is formed on it as a contact layer for an electrode to form an ohmic electrode 
for the crystal layer of the maximum upper layer of a layered product 20. Moreover, since a 
crystal substrate (sapphire crystal substrate) is usually insulation, the lower electrode which is 
below a luminous layer removes a part of layered product 20, and exposes the lower contact 
layer 21 partially, and the lower electrode P20 (usually n mold) is formed in the field. 
[0005] When making the light emitted from the luminous layer emit up, the mode of a comb 
(comb) form pattern as shown in dravying 8 (b), and a translucency electrode as shown in drawing 
8 (c) is mentioned as a gestalt pattern of an up electrode. Drawing 8 (b) It goes away, and it is 
one mode of structure which prepared the electrode partially on the luminescence side, and the 
electrode of a form pattern diffuses current and has structure which takes out the light which 
emitted light from opening without an electrode. The translucency electrode of drawing 8 (c) 
forms an electrode material in the shape of a thin film, gives translucency, and has structure 
which takes out luminescence directly under an electrode outside through a translucency 
electrode. On the other hand, all are the configurations which were going to emit much light to 
the exterior from the field which forms an up electrode, though more and the current which flows 
in a layered product is extended more. 

[0006] On the other hand, also in the structure of the GaN system photo detector of the type 
which takes out the photoelectromotive force by pn junction, the electrode (up electrode) of the 
side to which incidence of the light for light-receiving is carried out may be made into the 
electrode of a radial fin type pattern, and the mode of a translucency electrode. On the other 
hand, this is the configuration that it is going to collect more efficiently many photoelectromotive 
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force generated in internal pn junction, though each tends to carry out incidence of much light 
for light-receiving widely into an element from the field which forms an up electrode. 
[0007] 

[Problem(s) to be Solved by the Invention] However, there is [ as opposed to / at the 
conventional GaN system light emitting device and a GaN system photo detector / the width of 
face or the inter-electrode gap of an electrode ] no numerical convention in any way. For 
example, in a light emitting device, with the structure of an up electrode partially established like 
the electrode of a radial fin type pattern, current flows only directly under an electrode mostly, 
but luminescence by the luminous layer becomes only directly under an electrode, therefore — 
right above [ of the portion which emits light most strongly even if it is the mode of the 
electrode of a radial fin type pattern ] — the conductor of an electrode — the time of a portion 
existing and taking out light up — the conductor of an electrode — it will be said by reflection 
and absorption in a portion that ejection effectiveness is bad. 

[0008] In a light emitting device, in the mode using a translucency electrode, in order to secure 
translucency, it is necessary to stop the thickness to the minimum. However, if thickness 
becomes small, since the sheet resistance of the electrode will increase, the voltage drop in an 
electrode will become large. If sheet resistance becomes extremely large, current will not fully 
spread in the direction which a field extends, but will stop moreover, emitting light partially as a 
result. Moreover, although sheet resistance will become small if electrode layer thickness is 
enlarged at reverse, the ejection effectiveness to the exterior of light where translucency fell 
and emitted light will worsen. 

[0009] Moreover, in a photo detector, with the electrode of a radial fin type pattern, if an outcrop 
(electrode spacing) is too narrow, sensitivity will worsen, if too conversely large, loss will be 
received in taking out a generation of carriers to an electrode, and sensitivity will worsen. 
Moreover, in a translucency electrode, if thickness is made thin in order to put in more light for 
light-receiving in an element, the sheet resistance of the electrode increases and minute amount 
current cannot be brought together in high density. Conversely, although sheet resistance will 
become small if electrode layer thickness is enlarged, translucency falls and the amount of 
incidence of the light for light-receiving decreases. 

[0010] The technical problem of this invention is offering the element which has improved the 
structure of the electrode of the side which takes out light and was more excellent in the 
luminescence property in a GaN system light emitting device. 

[0011] Moreover, other technical problems of this invention are offering the element which has 
improved the structure of the electrode of the side which takes in light and was more excellent 
in the light-receiving property in a GaN system photo detector. 
[0012] 

[Means for Solving the Problem] A GaN system semiconductor light emitting device of this 
invention and a GaN system semiconductor photo detector have the following features. 
It is the GaN system semiconductor light emitting device which has a luminous layer which 
consists of a GaN system material, and a side which light leaves to the external world to a 
luminous layer is made into an upper part side. (1) To an upper part side of a luminous layer An 
up electrode is prepared through a contact layer which consists of a GaN system material for 
forming an electrode. A formation pattern of this up electrode An exposed region which this 
electrode does not cover the contact layer upper surface, and a wrap covering field and this 
electrode do not cover the contact layer upper surface, but is exposed is the formation pattern 
which has a repeat portion located in a line by turns, and it sets into said repeat portion. When 
setting width of face of each covering field about the direction of a repeat to W, setting width of 
face of each exposed region to G and setting [ the depth from the contact layer upper surface 
to a luminous layer ] a refractive index of n1 and the external world to n2 for a refractive index 
of d and a contact layer, W<=10 micrometers, W<=2G, G<=dxtan theta 1 (however, theta1=sin-1 
(n2/nD), a GaN system semiconductor light emitting device that comes out and is characterized 
by a certain thing. 

[0013] (2) Are the GaN system semiconductor photo detector which has a photodetection layer 
which generates a carrier applied to a photocurrent by pn junction of a GaN system material, and 
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make into an upper part side a side in which light for light-receiving carries out incidence to a 
photodetection layer. An up electrode is prepared through a contact layer which is from a GaN 
system material for forming an electrode on an upper part side of a photodetection layer. A 
formation pattern of this up electrode An exposed region which this electrode does not cover 
the contact layer upper surface, and a wrap covering field and this electrode do not cover the 
contact layer upper surface, but is exposed is the formation pattern which has a repeat portion 
located in a line by turns, and it sets into said repeat portion. When setting width of face of each 
covering field about the direction of a repeat to W, setting width of face of each exposed region 
to G and setting [ the depth from the contact layer upper surface to a luminous layer ] a 
refractive index of n1 and the external world to n2 for a refractive index of d and a contact layer, 
W<=10 micrometers, W<=2G, G<=dxtan theta 1 (however, theta1=sin-1 (n2/n0), a GaN system 
semiconductor photo detector that comes out and is characterized by a certain thing. 
[0014] It is the GaN system semiconductor light emitting device which has a luminous layer 
which consists of a GaN system material, and a side which light leaves to the external world to a 
luminous layer is made into an upper part side. (3) To an upper part side of a luminous layer A 
translucency electrode used as a thin film so that an up electrode might be prepared through a 
contact layer which consists of a GaN system material for forming an electrode and this up 
electrode might penetrate light from a luminous layer, A GaN system semiconductor light 
emitting device to which an electrode for trunks with which passage of larger current than this 
translucency electrode in the direction of an electrode forming face was enabled is characterized 
by having a portion located in a line by turns. 

[0015] (4) A GaN system semiconductor light emitting device of the above-mentioned (3) 
publication whose translucency electrode is an ohmic electrode and whose electrode for trunks 
is a shot key electrode. 

[0016] (5) contact — a layer — the interior — it can set — a trunk — ** — an electrode — 
directly under — this — an electrode — having touched — a part — or — the above — a trunk 
— ** — an electrode — directly under — this — an electrode — from — having separated — 
a part — current — active jamming — becoming — obtaining — current — a blocking layer — 
forming — having — **** — the above — ( — three — ) — a publication — GaN — a system - 

[0017] (6) Are the GaN system semiconductor photo detector which has a photodetection layer 
which generates a carrier applied to a photocurrent by pn junction of a GaN system material, and 
make into an upper part side a side in which light for light-receiving carries out incidence to a 
photodetection layer. A translucency electrode used as a thin film so that an up electrode might 
be prepared through a contact layer which is from a GaN system material for forming an 
electrode on an upper part side of a photodetection layer and this up electrode might penetrate 
light for light-receiving, A GaN system semiconductor photo detector to which an electrode for 
trunks with which passage of larger current than this translucency electrode in the direction of 
an electrode forming face was enabled is characterized by having a portion located in a line by 
turns. 

[0018] It is the GaN system semiconductor light emitting device which has a luminous layer 
which consists of a GaN system material, and a side which light leaves to the external world to a 
luminous layer is made into an upper part side. (7) To an upper part side of a luminous layer An 
up electrode is prepared through a contact layer which consists of a GaN system material for 
forming an electrode. A formation pattern of this up electrode It is the formation pattern which 
has a repeat portion with which an exposed region which this electrode does not cover the 
contact layer upper surface, and a wrap covering field and this electrode do not cover the 
contact layer upper surface, but is exposed was located in a line by turns. A GaN system 
semiconductor light emitting device characterized by establishing a crevice in an exposed region 
while on the upper surface of a contact layer. 

[0019] A GaN system means a compound semiconductor shown by Ina Gab Ale N (0<=a<=1, 

0<=b<=1, 0<=c<=1, a+b+c=1). 

[0020] 

[Function] In the mode of the light emitting device of the above (1), W, G, d, n1, and n2 are 
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specified as **W<=10micrometer, **W<=2G, and **G<=dxtan theta 1 like the above (1) in the 
repeat portion (portion which is specifically equivalent to "the gear tooth of a comb" of the 
electrode of a radial fin type pattern) of an up electrode. When limitation of these **s - ** 
gathers, reflection and absorption with an electrode are suppressed in the light emitted from the 
luminous layer to the minimum, and optical ejection effectiveness improves. Drawing 2 explains 
this briefly. 

[0021] Limitation with the above-mentioned ** and ** limits the desirable size relation of the 
ratio of a covering field and an exposed region while carrying out numerical limitation of the 
covering field (width of face of an electrode P1). The numerical range where the magnitude of 
the inlet of current is desirable is limited first, limitation of the above-mentioned ** is added to 
this by limitation of the above-mentioned **, and the relation between the numerical range 
where the magnitude of emission opening of light is desirable, and the inlet of current is limited. 
In the above-mentioned **, in 2 G<W t the field which takes out light outside by the up p cladding 
layer becomes small, that is, external ejection effectiveness worsens, and it is not desirable. 
[0022] By limitation of the above-mentioned ** and **, the relation between a opening desirable 
for light and a failure left in the external world is decided, and light occurs in the portion which 
moreover separated only d from the failure to directly under. After arranging this condition, 
limitation of the above-mentioned ** is added. This is the desirable relation of d and G based on 
law of refraction, as shown in drawing 2 . The light L1 emitted from the luminous layer to which 
only d is separated and located in directly under from an up electrode inferior surface of tongue 
has angle of refraction theta 1, and leaves it in the external world from a GaN system crystal 
layer. At this time, the light L1 emitted from ml (directly under [ electrode center ]) before m2 
(directly under [ electrode edge ]) in drawing 2 can be taken out outside throughout the upper 
surface (field of G) of a layer S3 by considering as G<=dxtan theta 1. On the upper surface on 
the left of it, total reflection is carried out and light does not come out. 

[0023] In the mode of the photo detector of the above (2), W, p, d, n1, and n2 like the above (2) 
By specifying W, G, d, n1, and n2 as **W<=10micrometer, **W<=2G, and **G<=dxtan theta 1 
(however, theta1=sin-1 (n2/n1)), the carriers which could fully secure the amount of the light to 
a photodetection layer, and were generated can be collected efficiently, and sensitivity improves. 

[0024] In the mode of the light emitting device of the above (3), by arranging a translucency 
electrode and the electrode for trunks by turns, the voltage drop in the luminous layer upper part 
can be suppressed to the minimum, and current can be spread over the whole translucency 
electrode through the electrode for trunks. Consequently, current fully flows throughout a 
luminous layer and the whole surface emits light. 

[0025] Further in addition to the mode of the light emitting device of the above (3), by controlling 
the current which flows directly between the electrode for trunks, and a contact layer as a mode 
of the above (4) and (5) Since current does not flow directly under [ for trunks ] an electrode 
but a current path is flowed directly under a translucency electrode to drawing 6 (a) and (b) as 
an arrow head shows, the ejection effectiveness from the translucency electrode of the light 
which emitted light becomes good. 

[0026] In the mode of the photo detector of the above (6), by arranging a translucency electrode 
and the electrode for trunks by turns, the current generated directly under the translucency 
electrode can be promptly brought together in the electrode for trunks after a carrier beam with 
a translucency electrode, and a speed of response and sensitivity improve. 
[0027] In the mode of the light emitting device of the above (7), by having established the 
crevice in the exposed region of the inside on the upper surface of a contact layer by the side of 
the upper part, the thickness of the layer to a luminous layer becomes thin, it can prevent that 
the light emitted from the luminous layer declines in a contact layer, and optical ejection 
effectiveness becomes high. By this, even when making luminescence wavelength in a luminous 
layer into ultraviolet rays like 350nm, GaN can be used for p mold contact layer. On the other 
hand, about the electrode lower part, since the thickness of the layer to a luminous layer is 
secured thickly enough, it can prevent the fall of the life by electrode material being spread to a 
luminous layer. 
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[0028] 

[Embodiment of the Invention] First, the mode of the light emitting device of the above (1) is 
explained. Dr awing 1 is drawing showing the example of a configuration of the light emitting 
device of the above (1), and shows the GaN system light emitting diode (LED) which has double 
heterojunction structure (DH structure) as a luminous layer. Although p mold and a lower 
electrode are hereafter explained for an up electrode as an n mold using the example of a 
configuration into which the GaN system crystal layer was grown up on silicon on sapphire in 
case element structure is explained, the upper and lower sides of p mold and n mold may 
combine freely the mode of reverse, the mode which changed the location of an electrode using 
the crystal substrate with which it has conductivity by not being limited to this. 
[0029] In the example of this drawing, as shown in drawing JL (a), a buffer layer (not shown) is 
minded on the crystal substrate 1. The n mold GaN layer S1 which serves both as n mold 
contact layer and n mold cladding layer, the InGaN barrier layer S2, and the p mold GaN layer S3 
which serves both as p mold contact layer and p mold cladding layer are formed. It has structure 
which one corner of this layered product was partially etched, and the n mold GaN layer S1 
exposed. The lower electrode (n mold electrode) P2 is formed in this exposed n mold GaN layer 
S1, and the up electrode (p mold electrode) P1 is formed in the maximum upper surface of the 
layered product left behind by etching. 

[0030] The formation pattern of the up electrode P1 serves as an electrode of a radial fin type 
pattern, as shown in drawing 1 (b), on the upper surface of a contact layer, the field covered with 
the portion equivalent to ''the gear tooth of a comb" is a covering field, and the portion 
equivalent to the gap of "the gear tooth of a comb" is an exposed region. The covering field and 
the exposed region serve as a repeat portion located in a line by turns in the shape of stripes. 
Partial P1a which projected among the up electrodes P1 is an electrode for bondings used for 
wire bonding. It is drawing 2 which expanded the repeat portion among the A-A cross sections of 
the up electrode shown in drawing 1 (b). As shown in drawin g 2 , as explanation of the above- 
mentioned operation described, limitation of ** - ** is made using [ an inter-electrode gap / the 
refractive index of G and a contact layer ] distance from n2 and p mold contact layer upper 
surface to a luminous layer as d for the refractive index of n1 and the external world (usually 
atmospheric air) using electrode width of face as W. 

[0031] The formation pattern of the electrode of a repeat portion may be a radial fin type 
pattern, and the other shape of circular [ of the shape of a grid as shown in drawing 3 (a) f and 
this heart as shown in drawing 3 (b) ], and a concentric circle etc. should just be the patterns 
which a covering field and an exposed region repeat by turns. Moreover, it may be the same 
period, and as long as it not only repeats, but is within the limits of limitation of the above- 
mentioned ** - **, a covering field and an exposed region may be the patterns which change 
regularly or irregularly and are arranged by turns. 

[0032] Although the thickness of the repeat portion of an up electrode is not limited, since it will 
become the failure of passage of light if too thick, 0.01 micrometers - about 2 micrometers are a 
desirable range. Moreover, if translucency is given to an up electrode, since luminescence can be 
taken out through an electrode, it is desirable. 

[0033] In order that an electrode material may control the voltage drop in an electrode / 
semiconductor layer interface, the material of ohmic nature is good and may use a well-known 
material. For example, the mode using one or more simple substances or a laminated structure, 
and an alloy is mentioned out of Au, nickel, Pt, Pd, Ir, Co, C, etc. 

[0034] As structure related to the mechanism of luminescence in a light emitting device, the 
structure of having SQW (Single Quantum Well) which has a superstructure besides by two-layer 
[ by simple pn junction ] (HOMO, SH) and DH (double heterojunction) three layers, MQW 
(Multiple Quantum Well), and a quantum dot etc. is mentioned directly. The luminous layer as 
used in the field of this invention in this is a depletion layer which is produced in the interface of 
cementation in the case of two-layer pn junction, and is a barrier layer in DH. moreover, the 
case of SQW, MQW, and quantum dot structure — a barrier layer and a well — the whole 
structure of the square well potential containing a layer is a luminous layer. 
[0035] The distance d from p mold contact layer upper surface to a luminous layer is the 
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distance from the contact layer upper surface to the upper surface of a barrier layer, when a 
luminous layer is a barrier layer. Moreover, the luminous layer also of the case of SQW, MQW, 
and quantum dot structure is the distance from the contact layer upper surface to the upper 
surface of square well potential structure, i.e., the upper surface of the maximum upper layer of 
the barrier layers. Only when making into a luminous layer the depletion layer produced in the 
interface of two-layer pn junction, distance from the contact layer upper surface to the interface 
of pn junction is set to d in approximation. 

[0036] While constitutes the GaN system crystal layer prepared independently and the layer 
used also [ cladding layer ] like drawing 1 , and pn junction, and a contact layer may be a layer, in 
order to form an ohmic electrode. Even if it is which case, the material of a bigger band gap than 
this light is used so that light from a luminous layer may not be absorbed. 
[0037] Although the refractive index n1 of a contact layer changes also with materials of a 
contact layer, it becomes 2.426 etc. by 2.493 and aluminumO.1 Ga0.9 N, for example to light with 
a wavelength of 450nm at GaN. The refractive index n2 of the external world is a refractive index 
of the portion (a vacuum or material) which surround the outside as an interface of refraction by 
the contact layer upper surface. In use in the atmospheric air which is the most general 
operating environment, it is set to refractive-index n2=1 of air. 

[0038] Although a GaN system material is used for the material of a contact layer, it is good to 
make it not make light absorb using the material of a bigger band gap than the luminous energy 
emitted from the luminous layer. For example, in ultraviolet-rays luminescence, big AIGaN of a 
band gap is desirable. However, if aluminum presentation is made high, a luminescence lateral 
electrode will stop being able to acquire an ohmic property easily. 

[0039] An ohmic electrode is desirable, contact of a metal-semiconductor does not show a 
rectifying characteristic and a publication of S.M.Sze work (Yasuo Nam II translations) "a 
semiconductor device" and Sangyo Tosho Publishing (the 3rd ** of the first edition, 163 pages) 
is referred to. , 

[0040] the method of growing up a GaN system crystal — HVPE, MOCVD, and MBE — law etc. 
mentions — having — especially — MOCVD-MBE — law is desirable. 

[0041] About the mode of the photo detector of the above (2), the structure as an element is 
the same as that of drawing 1 . Moreover, explanation of each part, such as an up electrode and 
p mold contact layer, applies explanation of the above (1) correspondingly noting that a luminous 
layer is used as a photodetection layer and the light for light-receiving from the external world 
carries out incidence into an element from the exposed region on the upper surface of a contact 
layer. 

[0042] Next, the mode of the light emitting device of the above (3) is explained. About the 
laminated structure of the whole element, except the structure of an up electrode, it is the same 
as that of the light emitting device of the above (1), and the structure of drawing 1 (a), the 
structure of the conventional element of drawing 8 , etc. are referred to. The up electrode P1 of 
this light emitting device has the portion located in a line while contacting so that the 
translucency electrode P1 1 and the electrode P12 for trunks might be in switch-on mutually by 
turns as shown in drawing 5 (a). The translucency electrode P1 1 is an electrode used as the thin 
film so that the light from a luminous layer might be penetrated. The electrode P12 for trunks is 
the electrode with which passage of larger current than the current which flows in the direction 
of a field in this direction was enabled in the inside of the translucency electrode P1 1, i.e., the 
smaller electrode for current supply sources of sheet resistance. The direction of a field is a 
direction which an electrode forming face (upper surface of a contact layer) extends. Moreover, 
the laminated structures of the GaN system crystal layer shown in drawing 5 (a) are n mold 
cladding layer S1, a barrier layer S2, and p mold cladding layer (= contact layer) S3. 
[0043] In order to control the voltage drop in an electrode / semiconductor layer interface, the 
material of a translucency electrode has the good material of ohmic nature, and the material 
shown by the light emitting device of the above (1) can be used for it. The thickness of a 
translucency electrode has 0.005 micrometers - desirable 0.05 micrometers, in order to secure 
translucency. 

[0044] Although the material itself may use the same thing as a translucency electrode, the 
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electrode for trunks is formed so that larger current than the flowing current can pass a 
translucency electrode, namely, so that lower [ sheet resistance ] than a translucency electrode. 
In order to mention the mode formed concrete more thickly and to secure sufficient amount of 
current in that case, 0.01 micrometers - 2 micrometers are desirable. 

[0045] The formation pattern of the electrode for trunks and a translucency electrode, i.e., the 
mutual combination pattern in the contact layer upper surface, is not limited. In the example 
shown in drawin g 5 (b), the electrode P12 for trunks roughly divided the contact layer upper 
surface into the partition of three squares, and the translucency electrode P1 1 is formed in the 
partition of each square. In addition, it is good also as a pattern which drawing 1 (b) Went away, 
used the pattern of the electrode for trunks as patterns, such as the shape of a mold and a grid 
of dr^ng3 (a), circular [ of this heart of drayying 3 (b) ], the shape of a circle of this heart, and 
a radial, and prepared the translucency electrode in the gap of each electrode for trunks. 
Luminescence may become homogeneity, if each electrode for trunks is arranged so that 
distance may become the same to the n electrode P2 as especially shown in drawing 4 (a) and 
drawing 4 (b). Moreover, W<=10 micrometers and W<=2G may be applied among the limited 
conditions of the up electrode of the light emitting device of the above (1). 
[0046] As explanation of the above-mentioned operation described, in this light emitting device 
of (3), the current which flows directly between the electrode for trunks and a contact layer is 
controlled, and the mode which passes current under the translucency electrode is mentioned. 
Concretely, in order to control current, as the electrode for trunks is shown in the mode and 
drayying 6 (b) which are made into the thing of shot key nature, the mode which forms the 
current blocking layer Q which can serve as active jamming of current directly under the 
electrode for trunks in the interior of the contact layer S3 is mentioned, the current blocking 
layer Q may be formed in the part which could prepare in contact with the electrode (that is, it 
exposes to the contact layer upper surface — making), and is distant from this electrode 
directly under the electrode for trunks. 

[0047] What is necessary is in the case of p type layer, to choose a simple substance or two or 
more materials, and just to use them out of aluminum, Ti, Ta, Si, etc., in order to form the 
electrode for trunks as shot key nature. Although the formation method of a shot key nature 
electrode is not limited, after forming a translucency electrode and giving this ohmic nature in 
electrode annealing, the procedure which forms the electrode for trunks as a shot key electrode 
is desirable. 

[0048] A current blocking layer is partially prepared as a condition which considered as the 
condition of having exposed to the contact layer upper surface, as mentioned above, or was laid 
underground in the contact layer, a mode, undoping, etc. which are used as a different 
conductivity type (it is n mold in the case of p mold contact layer) from the perimeter in order to 
acquire an operation of current inhibition — high — the mode used as a GaN system crystal 
layer [ **** ], the mode using insulating materials (for example, Si02, Si3 N4, aluminum 203, 
etc.), etc. are mentioned. 

[0049] About the mode of the photo detector of the above (6), the laminated structure as an 
element is the same as that of drawing 1 . About the structure of an up electrode, explanation of 
the light emitting device of the above (3) is applied correspondingly. However, since it is a photo 
detector, the mode which makes the electrode for trunks shot key nature unlike the light 
emitting device of the above (3), the mode which prepares a current blocking layer directly under 
the electrode for trunks are unnecessary. Moreover, a pin structure type or the pn junction type 
of element structure is sufficient as the photo detector of the above (2), and the photo detector 
of the above (6). You may be another structure if the intention of invention is filled. 
[0050] Next, the mode of the light emitting device of the above (7) is explained. About the 
laminated structure of the whole element, except the structure of an up electrode and a contact 
layer, it is the same as that of the light emitting device of the above (1) and (3), and these 
explanation is applied correspondingly. The structure of drayy^ (a), the structure of the 
conventional element of drayying 8 , etc. are referred to. A structural feature is not only in an up 
electrode but in a contact layer at this light emitting device. That is, like the case of the light 
emitting device of the above (1), a covering field and an exposed region are the formation 
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patterns which have the repeat portion located in a line by turns, and the formation pattern of an 
up electrode is characterized by establishing the crevice S32 in the exposed region on the upper 
surface S31 (the alternate long and short dash line shows) of p mold contact layer (=p mold 
cladding layer) S3, as shown in drawing 7 . 

[0051] Although there is no convention also in thickness, since it will become possible 
[ ejection ] also for luminescence from directly under [ of an up electrode ] if it is made the 
thickness which is the degree which light penetrates, it is [ that an up electrode should just be 
an ohmic electrode ] desirable. The formation pattern of an up electrode drawin g 1 (b) Goes 
away, and patterns, such as the shape of a mold and a grid of drawing 3 (a), circular [ of this 
heart of dra wi ng 3 (b) ], the shape of a circle of this heart, and a radial, are mentioned. 
[0052] Although the thickness of p mold contact layer shown in drawing :„7 , i.e., the thickness of 
the portion which is not a crevice, is not limited, it is good for the degree which does not cause 
the element life fall by electrode material being spread in a luminous layer to thicken. On the 
other hand, since there are problems, like slot formation takes time amount when a contact layer 
is too thick, the range which is 0.1 micrometers - about 5 micrometers is good. 
[0053] Although a crevice is established in an exposed region among the upper surfaces S31 of p 
mold contact layer S3, it is desirable to prepare so that this field may be occupied more greatly. 
Therefore, the gestalt of a crevice will be in the condition that the slot was located in a line in 
the shape of stripes, the condition that the single shot-hole distributed, etc., according to the 
configuration of an exposed region. 

[0054] The thickness from the base of a crevice to the upper surface of a luminous layer is so 
good that it is thin in order to make [ many ] the amount of ejection of the light from a light- 
emitting part. That is, a crevice may be formed so deeply that the barrier layer upper surface is 
arrived at. However, if the formation production process of a crevice is taken into consideration, 
and a crevice is too deep, the yield at the time of formation will worsen. 

[0055] the width of face of the electrode of the portion which js equivalent to "the gear tooth of 
a comb" although the size of a repeat portion is based on the scale of a light emitting device 
etc. when using an up electrode as the pattern of the Cush form — 0.1 micrometers - about 10 
micrometers — carrying out — a conductor — it is desirable to set width of face of the crevice 
between between to 0.1 micrometers - 10 micrometers. 

[0056] although what kind of method is sufficient as the crevice forming method, if the 
controllability at the time of etching is considered — reactive ion etching (RIE) — law is most 
alike and is mentioned. In case this RIE is performed, a mask is used so that it may not etch 
except a crevice, but when the luminescence lateral electrode itself is used as a mask, a 
production process can be simplified and it is very good. Furthermore, it is good to control to the 
degree from which the thickness of the electrode used as mask material becomes transparent at 
the time of etching termination. 
[0057] 

[Example] In example 1 this example, the thing of the structure shown in drawing 1 as a light 
emitting device of the above (1) was actually manufactured. 

[A crystal substrate and buffer layer] The sapphire C side crystal substrate was used as a 
crystal substrate. This substrate has been first arranged in an MOCVD system, the temperature 
up was carried out to 1 1 00 degrees C under the hydrogen ambient atmosphere, and thermal 
etching was performed, after that nitrogen-gas-atmosphere mind — changing — temperature 
to 500 degrees C, ammonia was grown up in trimethylgallium (henceforth, TMG) as a lowering 
raw material, and the sink and the GaN low-temperature buffer layer were grown up as an N raw 
material. 

[0058] [DH structure] The temperature up of the temperature was carried out to 1000 degrees 
C, and 3 micrometers of n mold GaN layers S1 which are n mold contact layer [ in / for a 
silane / in TMG and ammonia / a sink and dra wi ng 1 (a) ] (n mold cladding layer) as a dopant as 
a raw material were grown up. Then, the sink and the In0.2 Ga0.8 N barrier layer S2 were formed 
for trimethylindium (TMI), TMG, ammonia, and a silane. Furthermore, 5.0-micrometer (=d) growth 
of the p mold GaN layer S3 which are a sink and p mold contact layer (p mold cladding layer) 
about TMG and ammonia bis(cyclopentadienyl) magnesium (Cp2Mg) was carried out. The 
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controlled atmosphere was annealed to the switch room temperature to nitrogen after that, and 
the sample was produced. 

[0059] It is Si02 with a thickness of 2000A by the spatter to the upper surface of after growth 
and p mold contact layer S3. The film was formed, 5.5 micrometers was etched until it carried 
out patterning formation of the photoresist by the photolithography and n mold contact layer S1 
was partially exposed on it with dry etching, and it considered as the laminated-structure object 
as shown in drawing 1 (a). 

[0060] [Formation of an electrode] Si02 on the upper surface of p mold contact layer To the 
film, the pattern of a comb mold was formed with photolithography technology, and Au layer with 
a thickness of 1 000A was formed nickel layer with a thickness of 500A and on it by electron 
beam evaporation. And by lift off, it considered as the electrode P1 of a comb mold pattern. The 
electrode width of face (width of face W of a covering field) of the portion of "the gear tooth of a 
comb" at this time was 2 micrometers, and the inter-electrode gap (width of face G of an 
exposed region) was 2 micrometers. Similarly, aluminum layer with a thickness of 2300A was 
formed Ti layer with a thickness of 200A and on it as an n mold electrode P2. Furthermore, in 
order to obtain the ohmic nature of each electrode, 600 degree-Cx10min electrode annealing 
was carried out. 

[0061] Like the above, bonding electrode P1a of the up electrodes P1 formed Au layer with a 
thickness of 1500A nickel layer with a thickness of 500A and on it, and formed it by lift off. This 
sample was divided for the chip and the GaN system LED was obtained as a light emitting device 
of the above (1). 

[0062] The obtained light emitting devices are W= 2 micrometers, G= 2 micrometers, and d= 5.0 
micrometers, and have satisfied W<=10 micrometers, W<=2G, and G<=dxtan theta 1 (however, 
theta 1=sin-1 (1/2.493)). When this LED was mounted on the To-18 stem base and the output 
was measured, by the wavelength of 450nm, and 20mA, it is 2.5mW and the high radiant power 
output was obtained on the same current and voltage compared with the conventional light 
emitting device as shown in drawing 8 . 

[0063] In example 2 this example, the same light emitting device as an example 1 was formed 
except having set electrode width of face (width of face W of a covering field) of the portion of 
"the gear tooth of a comb" of a radial fin type pattern to 1 micrometer, and having set the inter- 
electrode gap (width of face G of an exposed region) to 1 micrometer. The obtained light emitting 
devices are W= 1 micrometer, G= 1 micrometer, and d= 5.0 micrometers, and have satisfied 
W<=10 micrometers, W<=2G, and G<=dxtan theta 1 (however, theta! =sin-1 (1/2.493)). 
[0064] When this LED was mounted on the To-18 stem base and the output was measured, by 
the wavelength of 450nm, and 20mA, it is 3.0mW and it turned out that luminescence 
reinforcement is equivalent compared with the light emitting device of an example 1. 
[0065] In example 3 this example, the thing of the laminated structure shown in drawing 1 (a) as 
a light emitting device of the above (3) and the up electrode structure shown in drawing 5 was 
actually manufactured. [The 0066] as an example 1 [ same up to the laminating of a crystal 
substrate, a buffer layer, and the GaN system crystal layers S1, S2, and S3 ] [Translucency 
electrode] The translucency electrode was produced on p mold contact layer (=p mold cladding 
layer) S3. First, the pattern for the electrode for trunks formed at an after production process 
with photolithography technology was formed, and Au layer with a thickness of 25A was formed 
nickel layer with a thickness of 25A and on it by electron beam evaporation. And the 
translucency electrode from which the pattern of the electrode for trunks escaped by lift off was 
formed. The pattern of the electrode for trunks is as being shown in drawing 5 (b). Similarly, 
aluminum layer with a thickness of 2300A was formed Ti layer with a thickness of 200A and on it 
as an n mold electrode P2. Furthermore, in order to obtain the ohmic nature of each electrode, 
600 degree-Cx10min electrode annealing was carried out. 

[0067] Patterning of the electrode for trunks was carried out with photolithography technology, it 
carried out the laminating of the aluminum layer with a thickness of 2300A Ti layer with a 
thickness of 200A and on it by electron beam evaporation, and formed it by lift off. The width of 
face of the electrode for trunks was larger than the width of face of the slot established in said 
translucency electrode, and the flank of the electrode for trunks runs aground on the upper 
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surface of a translucency electrode, a part laps, and it was made to fully flow mutually, as shown 
in d raw ing 6 (b). 

[0068] Like the example 1, bonding electrode P1a of the up electrodes P1 formed Au layer with a 
thickness of 1500A nickel layer with a thickness of 500A and on it, and formed it by lift off. This 
sample was divided for the chip and the GaN system LED was obtained as a light emitting device 
of the above (3). 

[0069] When this LED was mounted on the To-18 stem base and the output was measured, by 
the wavelength of 450nm, and 20mA, it was 3.0mW, and compared with LED of only the 
conventional transparent electrode without the electrode for trunks, forward voltage fell, uniform 
luminescence was obtained in the field, and the radiant power output improved. 
[0070] At example 4 this example, it is Si02 as a current blocking layer to the surface of p mold 
contact layer directly under the electrode for trunks. The light emitting device was formed like 
the example 3 except having formed the layer. Si02 A layer is Si02 by photolithography 
technology, the spatter, and lift off, before forming a translucency electrode. It formed so that 
the upper surface of a layer and the upper surface of p mold contact layer might become the 
same. 

[0071] It divided for the chip and the GaN system LED as a variation of the light emitting device 
of the above (3) was obtained. When this LED was mounted on the To-1 8 stem base and the 
output was measured, by the wavelength of 450nm, and 20mA, it is 3.0mW and equivalent 
luminescence reinforcement was obtained compared with LED of an example 3. 
[0072] In example 5 this example, the GaN system LED which has the up electrode structure 
and p mold contact layer structure which are shown in the laminated structure shown in drawing 
1 (a) and dr awing 7 as a light emitting device of the above (7) was actually manufactured. It is 
the same production process as an example 1 up to the laminating of a crystal substrate, a 
buffer layer, and the GaN system crystal layers S1, S2, and S3. However, thickness of the p mold 
GaN contact layer S3 was set to 0.5 micrometers. 

[0073] Etching removal of a part of p mold GaN contact layer S3 and barrier layer S2 was 
carried out for the obtained sample by dry etching, n mold contact layer S1 was exposed, and n 
mold electrode P2 was formed. 

[0074] Next, it is Si02 in order to form a crevice S32 in the upper surface S31 of p mold contact 
layer S3, as shown in drawing 7 . The mask pattern was formed by the film. This mask pattern is 
a mask pattern which leaves the field which forms an up electrode to a comb mold pattern, and 
size specification of a radial fin type portion was made into electrode width of face of 2 
micrometers, and groove crevice width of face of 4 micrometers. After that, by dry etching, the 
crevice was investigated from the upper surface S31, and the crevice attained to near the 
barrier layer upper surface was formed. 

[0075] Next, the up electrode was formed in the left-behind upper surface S31 as a comb mold 
pattern like the example 1. This sample was divided for the chip and the GaN system LED was 
obtained as a light emitting device of the above (3). When this LED was mounted on the To-18 
stem base and the output was measured, by the wavelength of 450nm, and 20mA, it is 2.5mW 
and it turned out [ which do not have a crevice ] that it goes away conventionally and optical 
ejection effectiveness improves compared with LED of the electrode of a form pattern. 
[0076] In example 6 this example, the electrode of a radial fin type pattern is formed in p mold 
contact layer upper surface before crevice formation, and the light emitting device was formed 
like the example 5 except having used as the Au/nickel electrode itself the mask used for 
crevice formation. Consequently, it turned out that the same structure as an example 5 carries 
out simple [ of the production process ], and can produce it. 
[0077] 

[Effect of the Invention] Like the above-mentioned explanation, the GaN system light emitting 
device which was more excellent in the luminescence property, and the GaN system photo 
detector which was more excellent in the light-receiving property came to be obtained by 
various improvements of the up electrode structure by this invention. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr awin g 1] It is drawing showing an example of the structure of the light emitting device GaN 
system light emitting device by this invention. Moreover, it can refer to also as an example of the 
structure of the photo detector of this invention. 

[Drawing 2] It is drawing expanding and showing a repeat portion among the A-A cross sections 
of the up electrode shown in drawing 1 (b). 

[Drawing 3] It is drawing which illustrates the formation pattern of the repeat portion of an up 
electrode of the light emitting device by this invention. Moreover, it can refer to also as an 
example of the formation pattern of the repeat portion of an up electrode of the photo detector 
by this invention. 

[Drayying 4] It is drawing showing other examples of the formation pattern of the repeat portion 
of an up electrode of the light emitting device by this invention. Moreover, it can refer to also as 
an example of the formation pattern of the repeat portion of an up electrode of the photo 
detector by this invention. ? 

[Drawing 5] It is drawing which illustrates the formation pattern of an up electrode of the light 
emitting device by this invention. Moreover, it can refer to also as an example of the formation 
pattern of an up electrode of the photo detector by this invention. 

[Drawing 6] It is drawing which illustrates other modes of an up electrode of the light emitting 
device by this invention. 

[Drawing 7] It is drawing showing an example of the structure of the up electrode and p mold 
contact layer of the light emitting device by this invention. 

[ Drawing 8] It is drawing showing the laminated structure of the conventional GaN system light 
emitting device, and the pattern of an electrode. 
[Description of Notations] 

51 n mold contact layer (cladding layer) 

52 Luminous layer (barrier layer) 

53 p mold contact layer (cladding layer) 
L1 Light 

P1 Up electrode 
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1 (Wc'l/, ei = sin-'(n2/nl)) j&ES-t* 




©£ffMT£fc&©GaNS#s&*>6&&:3>* 2 bm 
%ft LX±$m®&®V h ft. 

*©»a«HS©ilI£W.<!: Uffl*-©*W.«W©!H2&Qi ._ 
m©JH*r**n 1 . n»©JH*f**n2if 4t 

*. 

1 0 Mm. 
W^2G. 

GSdxtanOl {fetch. 6 1 = s i n" 1 (n2/ 
n 1 ) ) . 

■C* i> C t *W®L itSGaN JMOKftftjttR?. 
Ci*j#I2] GaNIMftOp nS^Ci-^r^mi^ 
+ V r^MtS^ffll^WI-SG a NSf 
^ttS7feST--C&-p-C. #ftffl»«C»L*6*f*#*iA 

ffi*«9tta*tf*£. WMWa^ffUJiato 

^©aa^©"H*W<t L.fI*©RfcB«J#©ig*Gi: 
L. hJ8±ffi*>€>|fe#JB£-C©gi!;*£d. n> 

*^ F»OJB*r**n 1. M©IST^n2£t5i 
#. 

W£ 1 0 am. 
W^2G. 

G^dxtan01 (tctcb. 91 = s in" 1 (n2/ 
n 1 ) ) . 

T*4Ci *4MRi -T * G a N**i»#«**^-. 
[»*JB3 ] Ga N**mrt»6tt4jfe)fcJB*«T*G 
a Njfi¥ifWe»fV* or. «36J1«:» LftfiWft 

««flMKT&A:AOG a N»*«4*»P><C4 a f hJI 

iSftfcj«*tt«fii. 3fc8#14S*i**®E0Jj£ffi© 
^(S]Cc?ji£ft^miJfeJ: 0 fc>«c#i»agfe^ffK*i^»ciifeftS 

«Ci^fi1-5Ga N . 
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immnmifii'av h*-««r*ssii«3H3iett©G 

«©fl|[T-CI(«S«c®0teWti«:. *fc«±tB»«ffl« 
«©ifiT-cBE«fi*»6(iftfcaiJ«ttc. Wft©JtJH§F± 0 
If S«»ffl±Ji3&i»jaE3ft-Ct> Sli^3l3 lfitS©G a N 

10 Kfl»4*+yr**fc£*4^HlJl**rfSGaNJM£ 
3Wta*3R^-C*o-C. ^HMIK»0**»*#*«A 

t»jsr5fc»©G a N»*m*»e><c*3 > * * H* 
t,cmtiz>nm£ k> fcAs^mdsa^iB^iSKcssft.s «t -5 

20 [HM8H7] GaN3R*W*»6ft*»36lit*rftG 
aNS^HtiytS^TioT, b**^HSi 

^^l£TS;to&©GaN^ttf4*>6&-5=i>#$' hH 

a > * * h Ji±M© 9 % . stutttttc i;hhsjmr w 6 ft 

30 Tl>4Cit««itiGaN*J|Sifl«*«^. 
[000 1] 

s. 

[0002] 

GaNe^B, GaN«fffl4ffl 

- F (LED) *^P»3ft*;©4«ftK:|lfS8*iS|ft«:tT 
40 ftft-tteO. ¥&i*U-1f©ga^fag©8l#fcia*P 
ftS«K<Cort>S. GaNftB, In. Ga, Al 
c N (OSaSl, 0£b£ 1. OicSl, a + b + 
c = 1) t?a*3ft*{fc^^f***i#r4. 
[0 00 3] felT, aMWffl»t?tt. JR^ttWOfc* 
Cc . teSS«#THffliJ «:(4S L C ft «: G a N JS*S SJg 

T*Hi©KaiI*«w. rjuij r±®j r±^j 

[0004] G a N**Jfc**©-«Wfc*jfttt. B 8 
50 cc^-r«t^«:. tSIUHRl 0±«c. pn«^tcj:4»* 



(3) 

3 

m 2 2 £^tfG a NKttJM©8Mtt 2 0 

mmzmtz. «@w. aisf*2 o©*±ji©t£M& 

*-5 i'^ffi^a-r€>/ci6©=i>$i' Mi 4 It, 
-?-©±K:±g|JffifliP 1 0 (ISpS) *siliSh4. £ 

wkmhs-i*. *©®(cTgpmffiP2 o (a^nM) # 

[0 0 0 5] »3teH*>?)l6ti-6n/c^*±^«:fi!ttB3# 10 
±g|B8ffi©^Sk''!*->4L-C t 08 (b) tc 

fip (< o) flSA*->^, as (c) 
wt. mft&nmoi&mmf 64i*. m8 (b) ©< 

UJ&'*2 ->©SfiB«. #6#ffi±Kg|5#ffKcmffi*:i8:W 
?»IK60fc**B{«3UJ"ri«Jft«:tto'ri,>4. H8 (c) 

r«. ±§PSffi*0JiErSffi;fr6J: , 3£<©3te*i1-gB^ 

3te*AW3t*afflJ©*tt (Jb»*«) *. < 

t>rtifc. ±gPS«*J&jX-r4ffi#>6<i:9^<©§ 
^^fcfc^rtM^AWS-B-iSil/ttJWfcfc. — 

J:<^<lfccfc^it5Mr*^ 30 
[0 00 7] 

[HBJ^M^t-^^ i-rSSSS] O^U I*OGaN 
JMUBR?. GaNJft*5te#PCtt. *S©te4>ttfiM 

^^cfc^r. < Lfi^*-->©S4jB©J:5tcgfc&ffJ 

(D^tCL^ffin-T. &3fcBr©l63fcttfl!ffii£T©<fc<2:& 

•5. «£r>r, < i/^ii'XosioffiSri-sti. 
Sfc&< ffeTfe-T MP#©B±KBSffi©agftg|5#a s #& 
u ^*±^{cB?«3m-rsg«:« > m@©«(*gB^r©jg 40 

So 

[0 00 8] aStSK^CCtel^T. »i6tt*«*flH>ft:» 

oa>UB»a*/hs< ft*4. -e©m© 

<4otl/i5. HgJn**«iJSK:**< ft* 

4. ^^©jfiSB-Ti^rsitc+^-fciEdJe-r. •£©*§ 
mgp»WKL/*>^i/ft<ft-orLs^. ttcmicmm 
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«*OA:J6©jW^©«l*)aL/ja**«< 
[0 00 9] aJBR^KJsO-Ct*. < LB'if- 

a-r©«:!ibfe*sw. s^sKfts,, a^m 

Sr». 5BE*Mtife*J:9*<SroicAftSft:*>(cM 
J¥£®<-TS4, *©m@©^- higSx*«8tt]L. «S 
tt«***tttt{c««>*Ci**r*)5ci». iKtcttflgjRj* 
£4, 5/-h«!fcW/h3<ttSa*. »#tta* 

isto. *3ie«<ote©A««36*«ii>-r*. 

[0010] #&IB©i$HW. G a NJSRftJR-T-Kfet* 
T. **W0a-r»J©«ffi©«Bfi*i»*O. 

[0 0 1 1 ] 4c%^©tt©IHI«. GaNJRS* 

[0012] 

[MHJIHRr ft *:«>©?&] *IWi©G a N3ft¥*# 

£W-r£&©r&ft„ 

( 1 ) G a NJRtm* 6ft 4**»*^r 6 G a N Jfi* 

<flM*±awBit(/"c. ^7feMco_hgpffiijfc« . me^fiS 
ffi^caioaL/gfts-^w-r-smfiS^f-^-cib^r. mr 

ISSOilL/gP^-CCfc^-C. |g«3iIO©:£|6]K:|«-f ft<I* 
©«««*©** W 4 Lffl * ®«iiMRiM©«« Gil. 
a^** HJl±®^6lfe)feB*'C©ai3*d. n>££ 

m©JS*r**nK j*»©B*r¥*n2 4T*£*. 
lOum, WI2G, G^ d x t an 0 1 (fc/c 

U 0 1 = s i n" 1 (n 2/n 1 ) ) , 4*if$ 

[0 0 13] (2) GaNSW4®P n^(c«t->r3t 

#At*T&ffliJ%±gWM4 OT. **a»©±8WW«:B. 
Sffi4^fi&-r4/c*©GaN^W*4*>6ft4=»>$i; h 

@%^Lr±gPSffi*J|9:W 64i v SLhgPSffi©Ji5fiS^-« * 
->B. |gmS* i =i>^i' hJf±ffi*S'5^^1ti!t4. 
i*m®*i=i f FJl±ffi*S4D-rSttl3-l±SStB^ilS 

4*issK^ya»»)augB»*W'r4JK^<*->-c 

*otT. B(rlBiSI , 3iILgft9-K:4sl>t. «l«3iIO©^l6]«: 

z>m « (M&mffl&vm&w torn* ©asaj«sns©*i 

£G4U HB±a^6^*S*-C©ai34 
d. n>^f haojaST^^n 1 . ^lf©S5T^*n 2 
4-f S4t. WglOMm. W^2G. G^dxtan 



(4) 
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9 1 (tctcU. 6 1 = s i n" 1 (n 2/n 1 ) ) , 
[0014] ( 3 ) G a N«tt»*>6tt4»3felB*Wr 

B. ifcftCGa N JIM**** e>ft53>^ 

#»*>€>©#*»» L»-5 ^ KigiS n/c2l7t14m 
@£ . Rj&MH&l&J: 0 fc**t> Wft***«t&ifcffi©;l5r 

{ oo 15] (4) mimm®&*- z.v immz&i 
r. ftflufflUfcte'B h*-*s-c**±ia (3) is 

[0 0 16] (5) =i>£* hJBOrtSMCfctf*. SfcS! 
ffl«ffi©KT-e«ES@K:S L/c§P(ik: . £ «±IBi#*S 

tt»)»4««ffijhJi3WJKfi83ti-ct>*±ia (3) tass© 

GaNSfi»S» 

[00 17] (6) GaN^*t*4©p nfi^KJc-ar* 20 

+ yr *«*-r4*«ka»*wr4G a n 

*JAStfifl8*±SMHi #*a»©±BMH«:tt. 
Sffi^MtSfcaxOGaNSW^^ftSa^ii* h 

SCi ^^mi t & G a N JM0»M4HUK^. 
[0018] ( 7 ) G a NS*m*»6 ft 30 
S G a N JMNMHVtiRT-trft T . ^feU cc*t Wfe#« 
flJ^iHT l>< flWSiaWMi or, ^^JB©±aJffliJfc 
tt. «fiS*J^fiR-rSA:«i)©Ga N«Wf4*>6^-53>^ 

fbm&ft isXiMmmwwt h n. tutamffi©^ 
sins t w#Kic&A,tcm <o m l s$fl-**rr z>m&* * - 

tmWt h tlX l > £ C 4 £ <ft» 4 1 Z> G a N flMNIftft 

jess^-. 40 

[0019] GaN^4«, In. Ga, A 1, N ( 0 
^a^l. O^b^l, 0£c£l. a+b + c = l) 
-C^ Jh5[h^W«MMt -5.. 

[0 02 0 ] 

mm) ±ia ( i > (D^m^omm-at. ±gpn@© 

r< u©«j (cffi^-r sgB#) (ctec^-c. ±12 ( l) © 
J:*>(t, W. G. d. nl. n 2 Sr. (DWSlOym. 
<2>W£2G. ®G=* d x t an 6 1 . 4«5£l/-Ct,>-5. 

cn60-®c»i^ciicioi:, &%MtF>h& so 
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tentt^fi-c^s^ • «iR*»*/NR«:jiM.6tt. 
[0021] ±iaa>i©t©i«ffi»4. ami* (h@p 

1©«) *»fl!IH3e-r*i4fcK:. ?^liSS<b^Ul?l^ 
i©JtO»*0«.»*/hM«*HBeiy)'fcfc©"C*S. ±SB 
©©PSSKJ^T. 5frT. «»©aAP©A*3©»* 
U>«fMBH**K5£3ft. cn«c±ffi©©K3e**»P*6 
nr. *©»aP©^*S©»*Lt»»fitt5H*»J:Cf« 

?fc©&AP4©iig<&#0g^3ft&. ±fs©{c*ji,>r2G 

[0 02 2] ±f BCD 4 ©©BBSKJ: ->"<:. *MWCfflT«r> 
<3t«c4-5r«F*L.(,>BBP4l»*©H«3& J «3tl/. b*> 
4>-e-©»#*>6i6TK: d ft!WJJ|tifcWa>T?tt#as»£"r 

■b. c©*#*»*.fc.k-c. ±fe<3>©KB^#fln*. e»n 

■S. cni4. H2«c^J:^k:. /B*r©£jWK»-3< d 
<bG<!:©Jf*U^M^-C*a„ ±8Pm«ST®*>P>iirRc 

<„ C©i#. G^dxtaneiitJCitCto 
r, H2tp. ml (S@cp^iST) Hm2 (m«§[5 
iST) *-C©Hl'-C^#6n/c^L 1 IBS 3©±ffi 
(G©««> ^T^SUKKO tB#4. *tiJ:»)£©± 

[ 0 0 2 3 ] ±SB ( 2 ) ©«HR-f©JB«-C«. W> 
G, d, n 1 . n 2 &±!B (2) ©cfc^CC. W, G. 
d. nl, n2*. ©W^lOym, ©W^2G. ©G 
^dxtanfll (tctcL. d 1 = s i n" (n 2/n 
1) ) tM7£-?ZC itci-pr, *^ttlJl^©7fe©fi* 

[ 0 0 2 4 ] ±E ( 3 ) ©^feSR^-CflSfil-CB. 
«*Jl±ai5K*jW*«E»T**/NR«:«iit. ^^ffl^ 

1 0 0 2 5 ] ±fB < 3 ) ©|B*3R^-©1I8««: 3 6 {Cftl^ 
•C. ±13 (4) . (5) OMiL.t. ^IMI^s 
hBi©|ffl-ca:SI9«J{CS6nSS8S ; S:P*lJr4C<!: 
t. H6 (a) . (b) K«jMStt**EPTS*r J: 9 

iiT«t«ms©-c. »36ofc3e©atottt««*»6©8i'3 
mi/Sai**j|i< fts. 

[ o o 2 6 ] ±ib ( 6 ) ©set*T©«a-c«. ^Tttt 



(5) 

7 

[ 0 0 2 7 ] ±IB ( 7 ) <D«3e* J J L OJBtt'Cl3:. ±8MB 

tf, «*ir©»36«[fi* 3 5 0 n mOJ: 5 &3fei1«4 
TS*§^"Cfc> pS3>$^hitCGaN4SU5Ci 

©ff^w^cc/KWftstiro**:*), 10 

B^ntft-r £ C 4 <fc S»*OfiT3WI»±-C* & o 
[0 0 2 8 ] 

[*M©*»©»8] 5fc*\ ±B ( 1 ) ©«fc*W>« 

accoc»xtt9! , r4. m 1 ±ie ( 1 > <Dmtmi-<o 

£*8>g (DHfitiS) tff«GaNJR«6^*-F 
(LED) ^Ln^„ 6TF, SR-?«B»*«Wr*IK 
«Ctt. *7 t -f TlfilKG a NXiHKJSftStf 

ttiH-rij&j, encase nr. pE ns©±r^i 20 

[0 0 2 9 ] ipJEKDWrtt, 0 1 (a) K^jrfcfc^t, 
IS»»«1±K:^»7tJB (0^-fchT) */H/C, n§£ 
n>£* HinS^7» KJ14**to4nfflGaNJi 
SI. I nGaNffitt/IS 2, p > £ * hJi 4 p §4 
K»4**fa4pSSlGaNJlS3*JJI5JaES*lt:*J 

GaNIS l#«ai/fc«ait<C-9T^*. C©IHiU 
/cnSGaNiSHC^ TSPH® ( nMUffi) P2^ 30 

[0 0 3 0 ] ±SflmffiP 1 ©»JiS^*->tt. h 1 
(b) K:SVr<fc5W:» < L7&'**--><D«ffi4&oT*5 

1^0 _hau«ffipi©5%^4§i/^iaB^p 1 a«, 

$>6 0 0 1(b) &C^T±^»ffi©A-A»rffi(D5%. 
<£5CC, «ffi*I*W, «fiHffl©Hffi*G, :3>£^Mf 

CO 0 3 1 ] «IOjIU6»»©««cojg^*->W, < 
lS/^->r^orfcftCil, S3 (a) tcm-TJ:^ 
ttfc-W*. S3 (b) tCTH-T <fe 5 aH'MDRittR. *<D 50 
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«4StU««4 **, »JWWte $ teiat^aWKSCft Lr . 
[0 0 3 2] ±«««<Wtt"5i8Lap»0/»*»»3e3ti 

ac>*$, »-raf*4*©aa<D«i#4a4fc«> m o. o 

Um^2/zmgK*J)fS!Ll»lii'C*S. ±SB 
lA>o 

[0 0 3 3 ] SSttftt*. «ffi/**»JB»ffi-CO«E 

*n<Dtt*4*fflt^rj:li. 09* tf, Au, Ni, Pt, P 
d, Ir, Co, C&<t'©cti3^6— ^tLb©***SC» 
KfllJMfflL ^ffil^iSW6ti^ ( 

[0 0 3 4] «36JR-¥-ttiCC*$Wi % ^(D^iJ^X^C 
\M.f£mm-?2>m£i±l>Xte, «K6pn^(cj:S2| 

(HOMO, SH) , DH (^^-^f-Pffi^) CCJ:£ 
3H<Oflb, a» : F«JS**'r*SQW (Single Quantum 

Well), MQW (Multiple Quantum Well), ST- K ^ h 

twr*«»tttfWfcf6ti&. cow, *wsr 

tC*D^^a*C*0, DHt»ffittit*5. */c, 
SQW, MQW' fiT-K* HJtifi<Z>«^tt, ^'JTli 
•3 x ;m 4 *^flf#FSI # ^ > > + jft£f*#» 

[0 0 3 5 ] pffln>*^ hJB±BB*»6«*JB*r©IE 
SQW, MQW, KF» h«Jfi<D»^«>, =i>* 

B^rOgBgi^:d4T^>o 

[0036] 3>^^hBtt, t-^ ^IKMt 
-S/cAtcSfeCUrR^^n/cGaNlfiJBaJB. £/c, S 
KDA^CC^^v FIB4«fflr4IB. pnft^tflWtr 

[0 0 37] 3>^^M©H)T?n 1^ ^>^^h 
»<D*«4CCJ:orfeS«c4^ mtf, M45 0nra 
<D3feCC*tOT, GaNrtt2. 4 9 3, A 1 0 .i Ga 
a . 9 NTO2. 42 6Aj:^<J:^^ 0 WS©Ulr$n2 
n>^^ FJi±M^fflJf(D^ffi4 LT, *©JfffliJS: 

SOW$n 2 = 1 4^-2> 0 
[0 0 3 8 ] 3>^^ H©ttl4^»GaNStWffl 



C6) 



tester*©***!,*. 0ir«\ mnm&yt<pm-&i*. 

h"*> v 7'©*i*ScA 1 G a N#g* Lt,». fetch 

a i -rs s » ?nte*m 

fc<<&*. 

[0 03 9]t-5 «*L<«. ^H- 

«. S. M. S z e* (mH«*e>sR) "*aw*^<^ 

, mmmm (vu&mzwL 1 bsh) ©ib**j#jib i 0 
£fts„ 

[ 0 0 4 0 ] G a NJMSfi*fiR*3ttSjfri56«. HVP 

E. MOCVD. MBEiftf*iftfe.tl. 1$CC. MO 
CVD • MBEffi*sj!f*H,>„ 

[ 0 0 4 1 ] ±12 ( 2 ) ©SBfc*^»»«:-3l»Ttt. 
*^iOT©**ttHl£H«"C*S. 

pffla>** h»fc£©S«©iMiitt-ki3 ( l ) ©W93 
*«6ffl"J-4. 20 
[0 042] ;Xic±fB ( 3 ) o&m+ommc^x 
«»§■}- a. 3ffF£t^MMKftK-?i>Ttt> ±gflns© 

flMUJWtt. ±12 ( 1 ) ©#6#*-?4l5W*-e*»). HI 
( a ) ©« £. H 8 ©{**©*■?■©*»& £«#JH 3 ft 
2>. C©^3t3R^-©±SPSgP 1», 135 (a) JC^ir 
J:9fc. 23fcttH«P 1 1 i, *MM9«SP 1 2 

0»SJ:9{c»IU3ftfcWi"Ca4. S*Mfflm@P 1 
2tt. MTtttmffiP 1 1**, ffi^KSftft 30 
^^t^SiI*J^f6j(Cjij§oJ^<i:3ft^& BP*3. 

fS]<t«. ««50fiS® (=i>zt> hm<D±m) tfwmtz 

■fifaXib*. 15 (a) (C^T. GaNSfeSl 

©StJBflfcSW:. nS?5?FISl, r£t£J!S2. pS 
«";F1(=3>«H) S3T*!.. 

[0043] a*it*flK>tm». 

cfc< . ±se ( i ) (D^m^-c^Ltcun^mi^ct 
an?***. abtte«*©/*3tt, m.%&zmuir z>tcth 40 

tC, 0. 0 05/im~0. 05um1)W£Ll<K 

[0044] mmnmn, ttwumtmitmzmt® 

DtO^fflUTJ:!,^, j£^3i&£:?jiEft-5>»jfEJ:D <b 
A^^m^ffljlDJSe^<fc i 5tc. HP 5. j&ftteHSJct) 

^K^-rsssii^ifeft. -e©is^(c«, 

iJfcfi*5t£-rSfc©K:, 0. 0 1 um~2 Mm*iSf*L 

[0045] mmmm&tmmtmmto^fSL^it- 

>, BP^. n>^^ hJt±®(c*jW^S^©ffi^to# 50 
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;->-*->«pg^3ft&U. H5 (b) ICnk-rM-Clt. a 
>£*MB±E*. »iffl«fiP12KJ:-}T^<3 
o©iE*ff5©iH:iii{C»iiJL.. SiE^©EBiCcS3i£14S 
IP1 1*IWC(,>*. ^©fliJ. #t8ffiSffi©;-c*-> 
4, HI (b) ©< US. 113 (a) ©te^4#. H3 

( b > <dn<&®pwr. w*ontt. &»«&£•©;•<£ 
- > <t t . ©*mj8«s©mtt(ca%i±*fi&i9:Vf 

fc^*->il/ti.tl,>. ftCC. H4 (a) ^04 
(b) (C^-r«fc^(c. nm®P2(C*tL/rgEf§t* 5 [3)t;CC 

tc«c->-CJ:t>. ±§2(1) ©«3fc3R^©±««ffi 

[0 046] ±KfB8©UMBrifc'<fc J: 5 fc. c © 

H6 (b) (Cw'Ti^fc, n>^^ KtS3©F*9S& 
tCfc^-r, ^«ffl««S©aT«:. SSSE©S**tftO»4 
WKIfllhBQilftWSflWI^f e>ft4. «8Sffi±»Q 

r) »c*-cfcj:<. ^afflm®©iST-c^ms*> 

[0 047] »«ffi*fi«:£/B •? h*-tti LXBl&-r 
•SGCtt. pii©*^, A], Ti. Ta. S i &£© 

\,\ ->a > h + -t4«ffi©^fiS^fi6«RB^3ft!fet,>*i, 
Cft(cmffirx-;Kc-C^-S s» 

[0 048] «86ffijhJitt. ±te©J; 5 «:. =i > * ^ h 
3h/cTOiLT, «#««:RW4. «*H±©^ffl4 

i O, , S i 3 N, , A 1 2 0 3 fti') ^ffl^-5Sg«^ 
[ 0 0 4 9 ] ±IB ( 6 ) ©ftJOR^MWKcocjrti. 

m+tLxo&mmmim 1 <tra*-c*s. ±ai^@© 

Wjitcotirtt. ±IH ( 3 ) ©#63ejR^F-©SiBji&!S|ffl-r 
fc/cL. S365RT-"C*6fc»«:. ±IB (3) ©&# 
*^-i«»&«3. K«lfflS««r^a7 h+-tt{CTS.l^ 

HFlt*5. *fc> ±12 (2) ©36*3R-7-. ±12 (6) 
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png^^-f^t^. HHJ©^H^'«fc-r^6«SiJ 

[0050]^K, ±12 ( 7 ) ©»**^-©J»««:-3t> 
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£ 0 CtDJjjHSWB, ±W«ffi/cW-Ctt< =i>£* h 
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->B* ±13 ( 1 ) ©^*^<D«te£H«. tt!Itt« 

B (=p1^7 1 ^ FB) S 3<D±MS 3 1 (— ^tftWdr 

tea, »m««ccBosps 3 2^Rwe>nr 
[0 0 5 1 ] ±suh@b> *- ^ * ^«sr*n«<fc 

fc»»*LC». ±»«WD»flt^*->B, SI (b) 
<7X LSL BB3 (a) (Dfe+it. 133(b) ©EMXDH 

[0 0 5 2] ^7 CC^T P S>n > £ ? \*m<DB2 . IP 

0. 1 MmSficoaSffl^ic^ 
[0 0 5 3 ]Ofl»lt p!^>^>7F1S3(D1IS3 

[0 05 4] |!aWOiSffi*>6»*»©±ffi*rO/S3 

i»afic>. bp*. DflSBtt, fStt»±B«:ig-ra«£Si< 

[0 0 5 5 ] ±«WW«r4r5^©Ajr->t-f*«d. 

T< 0<D®J &CtB^T£SP#om»DiiiI£0. 1 /z 
1 0 MmSffiiU *tWffl<DI»[HI©iH*0. Urn 
- 1 0 MmitW»S Ul^o 

[0 0 5 6] wm£titt*£<DMkix'fi&rc x- 
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G, T>*~T* S^>*iftU In 0 , 2 Ga 0l8 Nr§ 
ttlS2^Ml/c 0 3 TMG-7>^7- t' 
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^'^{ciOfSZOOOAOSiO, 
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/2. 4 9 3) ) «SUt^o CCOLED^To- 
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50 7j%?£5tj;U&<D§Zytm*iCtb'*X* |SJD«Sfe, ^JE 
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[0063] mmm2 
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Ltc a 
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tt, HJfi093iBI«ICC^£^4^L/Co S i O, Ji 

pi3>^^h m<o±m 1 tc * 4 «t ^ u 
fc. 
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9p^GaNn>£^hJIS3 4 jgttJB S 2 (D— SB* x 
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(D-mzm-twivibz. tit. ^wos****©** 

©— 01 ilTt#lt4Ci«*5. 
[02] SI (b) tCjjVr±SBSfiS©A-A»rH5©5 

[S3] *«W«:j:*3fB*3R^-©. iSB^ffi©® 9 SI 0 
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- ><DWt Or fe#M"r & C i #r # £. 
[04] *?i0J &c J: * «J6*^© . ±SP«ffi©«SI K) il L 
§B^©Jf^^->©ffi©0!l5r^-rS-t , *S <> Sfc, * 
K J: * *£*?■© . ±gpm@©^ Dill/ 

[B5J **W«c £*«#*?■©. ±ffl«ffi<WKfiJf * 
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